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(1) Assessment method of the NIOSH
The NIOSH personal exposure assessment method was proposed in 1977 by the United States National Institute for Occupational Safety and Health (NIOSH) 2) . In the USA, the occupational exposure limit (OEL) (this is called the "Permissible Exposure Limit (PEL)" by the United States Occupational Safety and Health Administration) is legally defined as the reference value of personal exposure concentration of a given chemical. In order to determine whether a measured value complies with the reference value, the NIOSH assessment method shows how to monitor and assess the measured value. It has been more than 30 years since its publication, so it seems somewhat out-of-date. However, it still serves as a reference for various assessment methods proposed thereafter.
First, by performing basic characterization, the following information is collected: the physical and chemical properties and toxicity of chemical substances, the amounts and conditions of use, the work protocols and positions of workers, and the exhaust and ventilation methods. Then, based on the amounts of chemical substances used, ventilation methods, and safety factors, the exposure concentration of workers is estimated. Subjective and objective symptoms of workers subjected to past exposure are also examined. If the estimated exposure concentration is less than the action level and if the workers have no related symptoms, the process is completed, unless changes have been made to the subsequent process. The action level in this case is 0.5 times the PEL. If, on the other hand, the estimated exposure concentration is equal to or higher than the action level, or if the workers experience health symptoms related to exposure, the exposure concentration must be monitored. It should be noted that the above "action (level)" does not mean a required implementation of risk reduction measures.
A worker with the highest exposure among the worker group shall undergo exposure concentration monitoring. If the highest-exposed worker cannot be predicted, a certain number of workers are selected at random from the SEG (or "homogenous risk group" in the NIOSH original text). If the exposure concentration of the highest-exposed worker (if selected at random, the highest-exposed personnel among the workers) is below the action level, no further exposure concentration monitoring is needed, unless changes have been made to either the process or the ventilation method. If the exposure concentration of the highest-exposed worker is equal to or above the action level, the exposure concentration monitoring shall be performed for all the workers in the group. If the results exceed the PEL, control measures shall be implemented, followed by re-monitoring. If the exposure still exceeds the PEL, control measures and monitoring shall be repeated until the exposure concentration is equal to or below the PEL. If the exposure concentration is equal to or below the PEL, but exceeds the action level, exposure concentration monitoring shall be performed periodically. When the exposure concentration is below the action level twice consecutively, no further exposure concentration monitoring is needed, unless changes have been made to the process or to the ventilation method. . First, by performing basic characterization, information on the chemical substances, workplaces, and workers is collected. Based on the information collected, similar exposure groups are organized, and the initial exposure assessment is performed. If necessary, exposure concentration monitoring is conducted to evaluate the exposure condition. If compliance is assured, periodic exposure assessment is performed to verify the maintenance of the condition. If non-compliance is identified, control measures shall be implemented, followed by reassessment. If the evaluation cannot be performed for any reason, two options are available: 1) collect information through further exposure concentration monitoring and repeat reassessment until compliance or non-compliance is determined, and 2) implement control measures, followed by reassessment.
While the AIHA method has some relevance to the NIOSH assessment methods, it does not simply compare the measured values with the OEL as the NIOSH method. The AIHA method includes the concept of comparing the 95th percentile value of the exposure concentration distribution with the OEL and further defining three control classes when the 95th percentile value is below the OEL depending on the magnitude.
(3) Assessment method of a European Standard (EN 689-1995)
In 1995, Comité Européen de Normalisation (CEN) established an exposure assessment method of chemical substances in workplaces as a European standard 4) . First, by performing basic characterization, the necessary information on the workplaces, workers, and chemical substances is collected, followed by exposure assessment, which is divided into an initial appraisal, a basic survey, and a detailed survey. In the initial survey, the presence or absence of exposure is determined based on the information collected from the workplaces and workers. In the basic survey, which is focused to high-exposure work, exposure concentration of a given chemical is estimated based on the past measured data, measured data from similar processes, or quantitative data (amount of hazardous substances used, air volume, etc.). If the exposure is estimated to be above the OEL, control measures shall be implemented, followed by reassessment. If, by contrast, it is estimated to be sufficiently below the OEL and is considered to remain so over a long period, the assessment is finalized after the preparation of a report. If the exposure is estimated to be not sufficiently below the OEL, or if it is determined that continuity of the situation cannot be guaranteed, a detailed survey is pursued.
In a detailed survey, workers are divided into SEGs ("homogeneous" exposure groups in the original text) and, from each group, workers are selected at random for personal exposure monitoring. If the exposure is above the OEL, control measures shall be implemented, followed by reassessment. If it is determined to be sufficiently below the OEL and is considered to remain so over a long period, the assessment is finalized after preparing a report. If it is determined to be not sufficiently below the OEL, or if it is determined that continuity of the situation cannot be guaranteed, periodic measurement is pursued.
This assessment method does not simply compare the measured values with the OEL, but it provides different assessments according to the exposure level, even if such measured values are below the OEL. This is possibly due to the fact that day-to-day variance or worker-to-worker variance of exposure concentration is considered, but the theoretical background for the variances is not given. The overall framework is defined, but no unique assessment method has been established for a specific assessment of measurement results, and only a few examples of official procedures are available. . This method does not indicate the entire exposure assessment, but it does present an evaluation method. The method is characterized by the fact that a mathematical formula is proposed to incorporate the day-to-day variance and worker-to-worker variance into the assessment procedure. .
1) Guideline on the workplace environment control in outdoor workplaces
In . This
Guideline was enacted because work in outdoor workplaces, where temporal changes due to natural causes are relatively large, often entails movement, or work duration is relatively short, thus making it impossible for Working Environment Measurements based on fixed-point measurements conducted in indoor workplaces to be applied. Since the airborne concentration in the breathing zone is monitored, this method is considered to be one of the assessment methods of personal exposure monitoring, but, because the comparison with the control concentration is specified, this is positioned as a workplace environment assessment in outdoor workplaces.
2) Assessment method of the Working Environment Measurement investigation committee of the Japan Society for Occupational Health
In 2005, the Working Environment Measurement investigation committee of the Japan Society for
Occupational Health proposed an airborne concentration measurement and assessment method including personal exposure concentration assessment 3) . This assessment method consists of a primary screening and a secondary screening. The purpose of the primary screening is to determine the necessity for performing the secondary screening, which involves more detailed measurements. First, the highest-exposed worker is selected from a worker group consisting of workers doing the same work, and the airborne concentration of a given chemical is measured during the time period predicted to have the highest concentration in the breathing zone. If the measured value exceeds the action level (AL value: 0.3 times the permissible concentration), the secondary screening is performed. If the results of the secondary screening are equal to or below the AL value, the periodic primary screening shall be repeatedly performed. If the condition continues for a certain period of time, the frequency for performing the primary screening can be reduced.
The purpose of the secondary screening is to determine the cleanliness of the current workplace environment. First, a certain number of workers are selected from a worker group consisting of workers doing the same work. At this time, if high exposure is expected for any workers, it is important that they shall be selected, but, if not, workers shall be selected randomly for monitoring. The sampling duration shall be two hours or more. If the measured value exceeds the permissible concentration, the workplace environment needs to be improved, followed by the secondary screening. If the measured value is equal to or below the permissible concentration, but exceeds the AL value, the secondary screening shall be periodically repeated. If the measured value is equal to or below the AL value, the primary screening shall be periodically repeated. If the measurement and assessment are conducted based on the Working Environment Measurement standards and the workplace environment assessment standards, they may be used as the results of the secondary screening.
latter is "personal monitoring" where the sampling device is attached around the worker's breathing zone.
Many studies have been conducted to identify the relationship between the results obtained by these two methods when they are performed at the same workplace. and personal exposure concentration of the worker with the highest exposure. In 31% of cases, the personal exposure concentration is higher than the B monitored value. The B monitored value should correspond to the value of the work position and time in which the concentration is supposed to be the highest among the unit work area. In actual monitoring, however, the monitoring staff cannot get access to the worker at the time of B measurement because of hindrance to the work. Table A-3 shows the rate at which the personal exposure concentration of workers in each control class exceeds the control concentration. Under the "first control class," 3.5% to 11.0% of the workers' exposures exceed the control concentration. In other words, even in the case of the "first control class," i.e., the "well controlled" class, there is a small number of workers whose personal exposure concentration exceeds the control concentration (which often can be rephrased as workers with exposure concentrations in excess of the occupational exposure limit).
From the above, it can be determined that each of these two measurements has its own inherent role.
The Working Environment Measurement is characterized by providing information on the location within the workplace with a high airborne concentration of a hazardous substance. The personal exposure concentration, on the other hand, can be an index that represents the amount of a hazardous substance that entered the worker's body. Thus, it is characterized by the ability to confirm that no adverse health effect will occur, even if workers continue working in the current workplace environment. 
